Three palmar wrist ligaments from fresh human cadavers were dissected from the proximal to the distal insertions and stained to identify the mechanoreceptors. Golgi organs, Pacinian corpuscles, Ruffini endings and free nerve endings were present in all three ligaments. In the radial collateral and radiolunate ligaments they were found in increased density towards the proximal and distal insertions. A more uniform distribution was found in the radioscaphocapitate ligament which has attachments to three bones.
The sensory role of ligamentous mechanoreceptors, found in several joints, [1] [2] [3] is important for preserving the mechanical stability of the joint 4,5 via a reflex arc, [6] [7] [8] [9] for preventing degenerative joint disease 10 and for allowing the optimal control of movement.
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There are no reports of the detailed innervation of the wrist ligaments or whether there are mechanoreceptors in these ligaments. Our aim was to determine whether mechanoreceptors were present in the palmar wrist ligaments.
MATERIALS AND METHODS
We used six cadaver wrists within 24 hours of death. The radial collateral (RC), radioscaphocapitate (RSC) and radiolunate (RL) ligaments ( Fig. 1 ) were removed as close as possible to their bony insertions. The radial side of each ligament was marked.
The ligaments were immediately placed in saline and processed by staining in bulk using a modified gold-chloride method. 12 The stained ligaments were frozen before sections 100 m thick were cut perpendicular to the Fig. 1 Diagram showing the radial collateral (RCL), the radiolunate (RL) and the radioscaphocapitate (RSC) ligaments. The location of the highest density of receptors in each ligament is indicated by solid circles (modified from Taleisnik 13 ).
longitudinal axis of the ligament. All the sections were studied by light microscopy for the presence of mechanoreceptors. Emphasis was placed on identifying the types of mechanoreceptor as well as their distribution. The number of sections containing receptors was calculated as a percentage of all the sections from each ligament. Since the ligaments are intracapsular the sections were mostly taken from the length of the ligament excluding the area of the synovial membrane.
RESULTS
We identified four types of mechanoreceptor in the three ligaments; Golgi organs, Pacinian corpuscles, Ruffini endings and free nerve endings. Figure 2 illustrates typical examples taken from one specimen. Table I shows the number of sections made from each specimen and the number of sections that contained receptors. In the RC ligament mechanoreceptors were identified in 41% (368/903) of the sections, in the RL ligament in 29% (447/1521) and in the RSC ligament in 22% (266/1221).
In the RC and the RL ligaments the density of the mechanoreceptors was greatest at their proximal and distal insertions whereas in the RSC ligament the mechanoreceptors were evenly distributed throughout the tissue. Figure 1 also shows the location in each ligament at which the highest density of mechanoreceptors was found.
DISCUSSION
Our results confirm the presence of mechanoreceptors in the palmar ligaments of the wrist. They consisted of Golgi organs, Pacinian corpuscles, Ruffini endings and free nerve endings which can signal transient as well as continuous events due to their combined fast-and slow-adapting characteristics. The free nerve endings can also relay pain sensation due to excessive deformation or damage to the tissue. The increased density of mechanoreceptors in the proximal and distal ends of the RC and RL ligaments implies a specific function. The mid-substance of the ligaments is relatively more compliant compared with their insertion into the respective bones. The mechanoreceptors, being sensitive to the extent of the deformation of the tissue in which they are embedded, are therefore less responsive to strain when near the stiffer proximal and distal insertions. They may signal relatively large strains which could subject the ligament to excessive deformation and possible damage.
Review of the structure of the RSC ligament shows that it originates from the triangular surface of the anterior aspect of the radial styloid and inserts distally on the capitate. It crosses the scaphoid on to which it also gains an attachment; 13 this probably gives rise to the increased population of receptors shown by the black circles in Figure 1 . There is thus a more even distribution of mechanoreceptors in this ligament, but the functional implications of the distribution are probably similar to those of the RC and RL ligaments. Our findings confirm the presence of mechanoreceptors in the palmar wrist ligaments, suggesting that there is a ligamentomuscular protective reflex in the wrist. They also indicate that, although technically difficult, surgical repairs of the wrist should attempt to preserve the articular nerves of the ligaments. Nevertheless, in some painful post-traumatic or degenerative conditions, it may sometimes be desirable to denervate the joint.
